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I n t r o d u c t i o n  
The r o o t  damage r e s u l t i n g  from p i n e  v o l e  (Pitymys pinetorum) 
i n f e s t a t i o n  o f  app le  orchards remains a  major v e r t e b r a t e  pes t  problem. 
Cur ren t l y ,  research e f f o r t  i s  be ing  d i r e c t e d  a t  h a b i t a t  management and 
a t  t o x i c  b a i t  development and a p p l i c a t i o n  as two p o t e n t i a l l y  cos t -  
e f f e c t i v e  methods f o r  c o n t r o l  o f  these rodents.  Recent ly,  i n v e s t i g a t i o n s  
have begun i n t o  t h e  d e t a i l e d  r e l a t i o n s h i p s  between the  p i n e  v o l e ' s  
phys io logy  and i t ' s  h a b i t a t  i n  an e f f o r t  t o  understand and perhaps 
d i s r u p t  t h e  seemingly i d e a l  balance achieved by t h e  animal i n  app le  
o rcha rd  s i t u a t i o n s .  I n  a d d i t i o n  t o  these approaches, which have poss i -  
b l e  immediate a p p l i c a t i o n ,  one area o f  p i n e  v o l e  b i o l o g y  t h a t  i s  p o o r l y  
understood b u t  wh ich ho lds  a  great  deal o f  promise f o r  i n c o r p o r a t i o n  
i n t o  an i n t e g r a t e d  c o n t r o l  program i s  the s tudy o f  s o c i a l  o r g a n i z a t i o n  
o f  p i n e  v o l e  f a m i l i a l  and n o n - f a m i l i a l  s o c i a l  u n i t s .  With the r e l a t i v e -  
l y  recent  a p p l i c a t i o n  o f  S o c i o b i o l o g i c a l  Theory and In fo rma t ion  Theory 
t o  t h e  a n a l y s i s  o f  animal behav ior ,  an understanding o f  t he  s o c i a l  
b i o l o g y  o f  t h e  p i n e  v o l e  i s  a  necess i t y  f o r  t he  development o f  an 
i n t e g r a t e d  pes t  c o n t r o l  program. Such a  program, one t h a t  i nco rpo ra tes  
i n f o r m a t i o n  n o t  o n l y  about o rcha rd  management and t o x i c  b a i t  placement 
b u t  a l s o  about t h e  number o f  vo les  per  f a m i l y  and the  behav iora l  i n t e r -  
a c t i o n s  o c c u r r i n g  w i t h i n  p i n e  v o l e  s o c i a l  u n i t s  cou ld  then take a  soc io-  
management approach i n  address ing the  problem. For example, knowing 
i) the  a c t i v i t y  p a t t e r n s  o f  males and females, i i )  t he  degree t o  which 
p i n e  vo les  recongize k i n  and i i i )  t h e  cohesiveness o f  s o c i a l  breed ing 
u n i t s  would undoubtedly a i d  i n  o p t i m i z i n g  t h e  t i m i n g  o f  management 
procedures and t o x i c  b a i t  placements bo th  i n  terms o f  when t o  manage 
(e.g. t ime  o f  yea r )  and where t o  p lace  b a i t s  (e.g. d ispersed vs. con- 
c e n t r a t e d  s t a t i o n s ) .  F igu re  1  i 1 l u s t r a t e s  severa l  types o f  behav io ra l  
s t u d i e s  which might be i nc luded  i n  t he  f o r m u l a t i o n  o f  such a  pest  c o n t r o l  
program. 
Th is  paper presents  da ta  on p ine  v o l e  s o c i a l  behav ior  de r i ved  f rom 
the  a c t i v i t y  p a t t e r n s  o f  oppos i te-sex p a i r s  a l lowed t o  occupy semi- 
n a t u r a l  enc losures.  Of p a r t i c u l a r  i n t e r e s t  a re  severa l  quest ions about 
t h e  t ime  spent i n  va r i ous  a c t i v i t i e s .  For example, i s  t h e r e  a  sex o r  
photoper iod d i f f e r e n c e  i n  t he  amount o f  t ime t h a t  p i n e  vo les  remain a t  
t he  n e s t ?  Concomi tant ly ,  can e i t h e r  sex o r  photoper iod v a r i a b l e s  be 
i m p l i c a t e d  i n  t he  amount o f  t ime t h a t  p ine  vo les  engage i n  i n v e s t i g a t o r y  
behav ior ,  d igg ing ,  nes t  b u i l d i n g  and e a t i n g ?  L a s t l y ,  do males and 
females spend a  la rge/smal l  amount o f  t ime i n  p r o x i m i t y  t o  each o t h e r  
d u r i n g  t h e  1  i g h t  and dark  pe r iods  o f  t he  day? That i s ,  when prov ided 
the  o p p o r t u n i t y  t o  nes t ,  e a t ,  t r a v e l ,  e t c .  independent ly,  do p i n e  vo les  
remain t i g h t l y  bonded o r  l o o s e l y  assoc ia ted? The answers t o  these 









F igu re  1. Flow diagram d e p i c t i n g  the  fo rma t ion  o f  an i n t e g r a t e d  pest  
c o n t r o l  program f rom in fo rma t ion  obta ined through the  use o f  t h r e e  
d i f f e r e n t  management s t r a t e g i e s .  
The o b j e c t i v e s  o f  t h i s  s tudy a re :  
1) t o  understand s o c i a l  behav ior  o f  male/female p a i r s  
2) t o  i n v e s t i g a t e  e f f e c t s  o f  photoper iod on s o c i a l  behav ior  
3) t o  l e a r n  t h e  a c t i v i t y  p a t t e r n s  o f  males and females i n  semi- 
n a t u r a l  enc losures.  
Methods 
Adu l t  oppos i te-sex p a i r s ,  es tab l i shed  14-15d p r e - t e s t  were p laced 
i n  semi-natura l  p l e x i g l a s s  enc losures (F igure 2) and a l lowed 24h f o r  
h a b i t u a t i o n .  Both t h e  n e s t i n g  area and the  tunne ls  were p a r t i a l l y  f i l l e d  
w i t h  d i r t  and covered w i t h  red ace ta te  i n  an a t tempt  t o  keep them as 
dark as p o s s i b l e  a t  a l l  t imes. S o i l  depth i n  t h e  non-tunnel p o r t i o n  was 
approx imate ly  8 cm. Orchard grass ( D a c t y l i s  glomerata) was prov ided f o r  
nes t  m a t e r i a l .  Apple and sprouted wheat were prov ided ad l i b i t u m  and 
served as food and water .  Animals were kep t  on a 12:12 l i g h t  c y c l e  a t  a 
temperature o f  15-18°C. 
Each enc losure was d i v i d e d  i n t o  e leven key areas t o  f a c i l i t a t e  the  
reco rd ing  o f  an an ima l ' s  l o c a t i o n .  A f t e r  t h e  h a b i t u a t i o n  pe r iod ,  p a i r s  
were observed a t  separate  t imes over  both  the  l i g h t  and dark cyc les  
d u r i n g  a s i x  day p e r i o d  f o r  a t o t a l  o f  33h. A 4 min sampl ing p e r i o d  
Figure 2. Diagram o f  the semi-natural p lex ig lass  enclosure used i n  the 
study. 
each hour was taken on a l l  p a i r s ,  dur ing which time s ix teen scan samples 
o f  15s each were performed. The scan samples consisted o f  observing the 
enclosure every 15s f o r  5-7s. The loca t ion  and a c t i v i t y  o f  each animal 
was recorded. 
Results 
F igure 3 shows the sum o f  a l l  i nves t iga to ry ,  d igg ing,  nes t ing  and 
e a t i n g  behaviors observed per hour (=frequency). This represents the  
hour l y  combined a c t i v i t y  f o r  each animal. The average frequency o f  
occurrence o f  combined a c t i v i t y  f o r  males (n=8) and females (n=8) i s  
p l o t t e d  against  the t ime o f  day f o r  a 24h period. While both males and 
females appear more a c t i v e  dur ing  the dark per iod than dur ing the l i g h t  
per iod,  they seem t o  be in-phase only  dur ing the  dark per iod.  That i s ,  
the peak i n  l i g h t  a c t i v i t y  f o r  males occurs e a r l y  i n  the morning, 
immediately a f t e r  l i g h t s  a re  turned on. For females, t h i s  peak i s  
s h i f t e d  approximately 6h and occurs a t  about noon. During the dark 
per iod,  peak a c t i v i t y  f o r  both sexes occurs between 8 pm and 1 1  pm. 
Both sexes e x h i b i t  a dramatic decrease i n  a c t i v i t y  a t  9 pm w i t h  a sharp 
increase fo l low ing .  
When the  combined a c t i v i t y  f o r  each p a i r  i s  graphed separate ly ,  
several observat ions can be made. For the most p a r t ,  each animal 
d isp lays a c h a r a c t e r i s t i c  p u l s i n g  o f  a c t i v i t y  and n o n - a c t i v i t y  ra ther  
evenly spaced throughout a 24h period. I n  a d d i t i o n ,  most animals show 
an increase i n  a c t i v i t y  j u s t  a f t e r  l i g h t s  are turned o f f  anda few animals 
show a s i m i l a r  a c t i v i t y  b u r s t  j u s t  before l i g h t s  come on again. These 
i n d i v i d u a l  observat ions are somewhat obscured i n  the average graph 
(Figure 3) .  O f  pr imary importance though, i s  the f a c t  t h a t  each animal 
(or  p a i r  o f  animals) has i t ' s  own a c t i v i t y  pu ls ing  p a t t e r n  and 
Figure 3. Average combined a c t i v i t y  o f  8 p a i r s  o f  p ine voles i n  semi- 
na tu ra l  enclosures. 
consequently, may be 1 o r  2 h out  o f  phase w i t h  other  pa i rs .  AS a 
r e s u l t ,  graphing the average a c t i v i t y  pat terns no t  on ly  obscures t h i s  
p e r i o d i c  pu ls ing  but  may even r e s u l t  i n  an average a c t i v i t y  pa t te rn  t h a t  
i n  some respects, d i f f e r s  d ramat i ca l l y  from ind iv idua l  a c t i v i t y  pat terns.  
Table 1 l i s t s  the behaviors t h a t  were monitored throughout the 
study, the average percent o f  a 24 hour day t h a t  was spent i n  each 
behavior and the t o t a l  amount o f  a c t i v i t y  engaged i n  by males and 
females. For a1 1 behaviors the re  appears t o  be no s i g n i f i c a n t  d i f f e r -  
ence between male and female a c t i v i t y  e i t h e r  i n  the l i g h t  period, the 
dark per iod o r  the combined l i g h t / d a r k  periods. Time per iod had more o f  
an e f f e c t  than d i d  sex on p ine vo le a c t i v i t y .  With a l l  a c t i v i t i e s  
combined, males were s i g n i f i c a n t l y  more a c t i v e  dur ing the dark than they 
were dur ing  the l i g h t  (x2 = 10.64, 1 d . f .  p 5.05). Nest bu i ld ing ,  i n  
which males engaged fo r  a s i g n i f i c a n t l y  longer t ime dur ing the dark 
than dur ing  the l i g h t  (x2 = 5.39, 1 d . f .  p5.05) probably accounts fo r  
the s i g n i f i c a n t  d i f fe rence  seen when a1 1 a c t i v i t i e s  are combined. 
Females, on the other  hand, d i d  not  show a s i g n i f i c a n t  d i f fe rence  i n  
combined a c t i v i t i e s  between dark and l i g h t  periods, but ,  as was the 
case w i t h  males, they spent more t ime b u i l d i n g  the nest i n  the  dark than 
the l i g h t  (x2 = 12.35, 1 d . f .  ~ 2 . 0 5 ) .  
Table 1 .  The percent o f  a 24 hour day spent i n  various behaviors by 
pa i red  male and female p ine  voles i n  semi-natural enclosures. 
Male Fema 1 e 
Location Dark L igh t  Dark L igh t  
Nest 73.07 87.07 A 80.15 81.46 n s 
Arena 19.49 2.86 11.82 11.20 n s .L 
Tunne 1 7.44 10.07 n s 8.02 7.34 n s 
To ta l  100.00 100.00 100.00 100.00 
A c t i v i t y  
I n v e s t i g a t i n g  










naso- la te ra l  
naso-nasa 1 
Aggress i ng 
U r i n a t i n g  
Defecat ing 
To ta l  
I n a c t i v i t y  
Tota l  
"Chi Square t e s t ;  ~ 5 . 0 5  
ns = not  s i g n i f i c a n t  
There was no s i g n i f i c a n t  d i f f e r e n c e  between the amount o f  t ime t h a t  
males spent i n  t h e  nes t  and the  amount o f  t ime t h a t  females spent i n  t h e  
nes t  d u r i n g  the  l i g h t  pe r iod ,  dark p e r i o d  o r  combined l i g h t / d a r k  pe r iods .  
However, males d i d  remain a t  t h e  nes t  s i g n i f i c a n t l y  longer d u r i n g  t h e  
1 i g h t  p e r i o d  than d u r i n g  the  dark pe r iods  (x2 = 13.04, 1 d . f .  ~ 5 . 0 5 ) .  
Conversely, females showed no pre ference f o r  t he  nest  d u r i n g  l i g h t  o r  
dark  pe r iods .  
Three o f  e i g h t  p a i r s  engaged i n  copu la tory  behavior d u r i n g  the  
course o f  t he  sampling. I n  each o f  these cases, one t o  th ree  bouts o f  
copu la to ry  a c t i v i t y  were observed, most o c c u r r i n g  i n  t he  l i g h t  pe r iod .  
These copu la t i ons  p l u s  o t h e r  apparen t l y  normal i n t e r a c t i v e  behav iors  
(see Table 1) most l i k e l y  a t t e s t  t o  t he  accurate  rep resen ta t i on  o f  a  
semi-natura l  environment f o r  s tudy ing  p i n e  v o l e  behavior.  I n  a d d i t i o n  
t o  t h e  copu la to ry  behav ior  seen, 1 i t t e r s  were born t o  two o t h e r  p a i r s .  
Back-dat ing from the  da te  o f  b i r t h  revea led t h a t  one p a i r  appa ren t l y  
mated p r i o r  t o  t he  end o f  sampl ing (no copu la t i ons  were observed, how- 
e v e r ) .  The o t h e r  p a i r  appa ren t l y  mated d u r i n g  the  14d p r e - t e s t  p a i r i n g  
pe r iod .  Th is  female t h e r e f o r e  was pregnant d u r i n g  the  study. I n t e r e s t -  
i n g l y ,  she spent more o f  t he  dark p e r i o d  (97%) a t  t he  nest  than any 
o t h e r  animal.  Only one o t h e r  female spent more t ime a t  t he  nes t  than 
t h i s  female d u r i n g  the  l i g h t  pe r iod .  I n  a d d i t i o n ,  t h i s  p a i r  spent more 
t ime  (89%) than any o t h e r  pa i  r i n  p r o x i m i t y  t o  one another d u r i n g  t h e  
dark pe r iod .  On average, however, males and females were toge the r  
s i  n f i c a n t l y  longer  d u r i n g  t h e  l i g h t  p e r i o d  than d u r i n g  the  dark  p e r i o d  
(X9 = 4.07, 1 d . f .  ~ 5 . 0 5 ) .  
A l l  e i g h t  p a i r s  engaged i n  caching behav ior ,  however, much o f  t h i s  
a c t i v i t y  occur red when animals were n o t  be ing  observed. Nonetheless, 
males cached f o r  a  s i g n i f i c a n t l y  g rea te r  l eng th  o f  t ime when t h e  l i g h t s  
w e r e o f f  than when t h e  l i g h t s  w e r e o n  (x2 = 5.72, 1 d - f .  ~ 2 . 0 5 ) .  I n  
a1 1 cases, animals cached sprouted wheat (and o n l y  occasional  l y  smal l  
app le  chunks) a t  the corners  o f  t h e  p l e x i g l a s s  tunne ls .  
D iscuss ion and Conclusion 
The purpose o f  t h i s  s tudy was t o  i n v e s t i g a t e  the  a c t i v i t y  p a t t e r n s  
o f  mated p ine  vo les .  None o f  t he  f o u r  p reva len t  behaviors ( i n v e s t i g a t -  
i ng ,  d igg ing ,  n e s t i n g  and e a t i n g )  was engaged i n  f o r  a  s i g n i f i c a n t l y  
d i f f e r e n t  amount o f  t ime by males and females (Table 1 ) .  However, 
males engaged i n  nes t  b u i l d i n g  f o r  a  s i g n i f i c a n t l y  longer amount o f  t ime  
i n  t he  dark  p e r i o d  than i n  t h e  l i g h t  pe r iod .  The same was t r u e  f o r  
females. 
The most i n t r i g u i n g  r e s u l t  does n o t  concern what c o n s t i t u t e d  t h e  
an ima l ' s  a c t i v i t y ,  b u t  r a t h e r ,  when t h e  animal was a c t i v e .  On average 
males achieved two a c t i v i t y  peaks d u r i n g  t h e  24h cyc le ;  one j u s t  a t  
dark  (between 7:00 pm and 10:OO pm) and t h e  o t h e r  beg inn ing one hour 
be fo re  t h e  l i g h t s  came on and c o n t i n u i n g  on i n t o  t h e  e a r l y  l i g h t  pe r iod ,  
dropp ing o f f  as t h e  l i g h t  p e r i o d  cont inued. Females showed a s i m i l a r  
peak, bu t  achieved no e a r l y  morning peak. Instead, they d i sp layed  an 
a c t i v i t y  peak i n  t h e  midd le  o f  t h e  l i g h t  p e r i o d  (about 6h a f t e r  t h e  
male peak). One can specu la te  on t h e  s i g n i f i c a n c e  o f  phase -sh i f t i ng  
a c t i v i t y  pa t te rns  i n  w i l d  popu la t i ons  o f  p ine  voles. Phase -sh i f t i ng  
cou ld  serve t o  keep one animal a t  t h e  nes t  w h i l e  t h e  o t h e r  forages thus 
ensuring p r o t e c t i o n  o f  the nest and any young tha t  might be present 
there. In-phase a c t i v i t y  dur ing  the n i g h t  would not  appear t o  be as 
adapt ive as phase-shif ted day a c t i v i t y .  While mutual n i g h t  foraging may 
serve as added p r o t e c t i o n  against  predators, females r i s k  the loss of 
any nest  young t o  nocturnal  predators. A reduct ion i n  home range s i z e  
by pregnant and l a c t a t i n g  females may a l low such females t o  forage 
e f f e c t i v e l y  and s t i l l  remain c lose t o  the nest.  
Fur ther  research i n  t h i s  area and o ther  areas o f  soc ia l  i n t e r a c t i o n  
i s  necessary t o  gain a f u l l e r  understanding o f  the behavior o f  orchard- 
dwell i n g  p ine  voles. 
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